Ixodid Ticks (Acari, Ixodidae) in Urban Landscapes. A review. Akimov, I. A., Nebogatkin, I. V. -Th is study presents the results of content analysis of published works on ixodid ticks in urban conditions in order to determine the species diversity, the vectors of research interests at various stages. Information about ticks in the cities up to the 1980s is incidental, to the point of exclusive, aft er this point there is targeted research in urban landscapes. Th ere are 106 or 15 % of hard ticks of the world fauna registered in the urban territory, 26 species or 3.7 % being the most abundant. Of the urban hard tick species, 23 (88.5 %) can attack humans, and 12 species are the most adapted to the urban landscape: Ixodes ricinus, I. persulcatus, Dermacentor reticulatus, D. marginatus, I. pavlovskyi, I. scapularis (dammini), Amblyomma cajennense, Haemaphysalis longicornis, I. hexagonus, Hyalomma marginatum, Am. americanum, and Rhipicephalus sanguineus. It was determined that the most likely causes of the growing number of publications on ixodids urban landscapes are: global accelerating urbanization, the development of recreational areas, the development of green tourism, the growth of the prestige of outdoor recreation, the creation of new, especially of the landscape parks and a tendency to preserve the native landscape in the cities, a signifi cant increase in the density of populations of common species of hard ticks adapted to living in urban environment. Th e vectors of further work in urban landscapes will be directed to exact planning of monitoring studies of ixodids and associated tick-borne infections.
Introduction
It is a fact globally acknowledged that anthropogenic and urban landscapes are consuming natural ecosystems compelling plant and animal life to leave their destroyed and transformed habitats or, rarer, to adapt to new conditions. Invasive (introduced) species tend to manifest in such landscapes, oft en quite far from their previous habitats (Klausnitzer, 1984) . Some of these species are dangerous for humans, domesticated and wild animals. Hard ticks of the family Ixodidae are among the most important such species because they are specialized obligate hematophages capable of transmitting pathogens of various etiologies on every developmental stage, causing great losses (Jongejan, Uilenberg, 2004) .
We analyzed the history of research of ixodids in urban conditions; identifi ed the species diversity of ixodids in zoogeographic regions and cities; ascertain the possible reasons that inspire the scientists to study these ectoparasites in urban landscapes; determine vectors of the most important and promising directions of research.
More than 800 publications that focus on ixodid ticks in urban environment or mention fi ndings of some species in cities were analyzed. Literature on studies in suburbs was not taken into account. Ixodid systematics follows that of Guglielmone et al. (2014) . Argasidae ticks were not considered because they had been already studied, rather exhaustively, by Uspensky (2008 Uspensky ( , 2014 .
Hereaft er we use the following abbreviations for terms and tick-borne infections: LD -Lyme disease (as it is oft en referred to in literature, though the truer name would be ixodid tick borreliosis; also we didn't include Borrelia miyamotoi species group in statistical analysis); TE -tick encephalitis; ID -index of dominance; Af -Afrotropical; EP -Eastern Palearctic; NE -Nearctic; NeO -Neotropical; Or -Oriental; WP -Western Palearctic.
Also, we composed an index of references for relative evaluations, which ranges from 0 to 100: For analysis and maintenance of the database we used Microsoft Excel 2010.
Vestnik zoologii, 50(2): 155-162, 2016 155-162, DOI 10.1515 155-162, /vzoo-2016 History of the question First reports of ticks in cities were incidental, mostly mentioning sporadic fi ndings. Such studies make up the fi rst phase when Korenberg, Černý and Daniel (1984) published their research. Most of these publications deal with ixodid ticks as vectors of human and animal pathogens. For example, one of the fi rst reports on hard ticks in urban conditions is given in the monograph on North American fever (Hunter, Hooker, 1907) . It mentions "the adult ticks from the city mains at Dallas Tex.", fi nding of Amblyomma tuberculatum Marx, 1894 on turtles of Crescent City, California. It also referred to the death of the lambs as a result of tick-borne infection in Memphis, Tennessee. Th e authors have determined livestock losses of 100 million dollars annually at that time.
Czech scientists Černy and Daniel together with their Russian colleague Korenberg analyzed more than 10 papers and confi rmed the theoretical possibility of ixodid ticks' persistence in cities, as well as the importance of ticks and perspectives of such studies (Korenberg, Černý, Daniel, 1984) . Th e year 1985 is the beginning of focused studies of hard ticks in urban landscapes, i.e. the second phase.
Regarding the history of hard tick studies in urban landscapes of Ukraine, it may be added that we in fact started it in big cities in 1984 due to a tularemia outbreak that was reported in southern regions (Moiseyeva et al., 1991; Baranovsky, 1992) . First results of ixodid ticks studies in Kyiv were presented in 1997 (Akimov, Nebogatkin, 1997) when for the fi rst time in acarological literature the term «urban aspect» was used. Presently, the studies of ticks in Kyiv are most thorough (Nebogatkin, 1996 (Nebogatkin, , 1999 Akimov, Nebogatkin, 1999 , 2001 , 2002 , 2011 , as well as in Kharkiv (see for example Naglov et al., 2000; Simonenko (Nikiforova), 2000; Movila et. al., 2009; Maliy et al., 2012 etc.) and in Lviv (Semenyshyn et al., 2010; Biletska et al., 2012 etc.) . Research was also conducted in other Ukrainian cities: Berdyansk, Big Yalta, Donetsk, Zaporizhzhya, Kramatorsk, Lugansk, Lutske, Rivne, Mariupol, and Ternopil.
Distribution of ixodids in urban landscapes according to zoogeographic regions
According to reviews by several authors (table 1), there are four ixodid species able to inhabit cities of Europe and Africa: Rhipicephalus sanguineus (Latreille, 1806) and three of Ixodes genus, two from ricinus group (I. ricinus (Linnaeus, 1758) and I. persulcatus Schulze, 1930) and I. hexagonus Leach, 1815. Analysis shows that majority of the published studies of ixodid ticks in urban landscapes take place in Palearctic region (more than 600), Neotropical and Nearctic regions (table 2) .
Altogether in cities of the world, 106 species of 6 ixodid genera were found: 89 in 1 zoogeographic region; 14 in 2; Rh. (Boophilus) annulatus (Say, 1821) in 3, Rh. (Boophilus) microplus (Canestrini, 1888) in 5 and Rh. sanguineus in 6 zoogeographic regions. Th us, the most widely distributed ixodids are the parasites of house pets, aided in their dissemination by human activity.
T a b l e 1. Reviews concerned with ticks inhabiting cities Korenberg, Cerny, Daniel 1984 Th eoretical basis for possibility of ixodid ticks persistence on urban grounds Dautel, Kahl, 1999 Biology and medical importance of four tick species in Central Europe cities Gratz, 1999 Infection diseases (such as Lyme disease, ehrlichiosis, hemorrhagic fevers and tick-borne encephalitis) in urban agglomerations Uspensky, 2008 Conditions of tick populations' adaptation to urban environment Gray et al., 2013 Biology and world-wide distribution of ixodid tick of Rh. sanguineus Uspensky, 2014 Major groups of bloodsucking ticks that inhabit urban environment Analysis of ways of infection and conditions of persistence of urban ixodid populations
One-host ticks of the genus Rhipicephalus (Boophilus) feed on ungulates while the dog is a food source for three-host tick Rh. sanguineus. One-host ticks spread easier but are quite vulnerable if livestock is kept in proper sanitation with acaricide treatments, thus the ticks can disappear on vast territories, for example, regions of Ukraine (Nebogatkin, 1993) or USA (Guglielmone et. al., 2014) . Species of the group Rh. sanguineus also easily spread with hosts, but their instars and adults exit into environment and thus are harder to eff ect by acaricides. Th ese species are distributed in habitats according to their biological preferences, including urban conditions (Akimov, Nebogatkin, 2013 c et. al., 1963; Gothe, 1968; Akimov, Nebogatkin, 1999; Akimov, Nebogatkin, 2001; Akimov, Nebogatkin, 2002; Movila, 2009; Semenyshyn et al., 2010; ; at last, Rh. sanguineus in 166, singularly in 97, respectively. All these species except I. hexagonus feed on humans; regarding the latter, feeding on humans is yet unproved but the tick species is a part of pathogen circulation of natural focal infections in cities.
Th us, apparently there is a trend towards an increased risk of human and animal infections associated with ticks in urban landscapes. For examples we recommend the reviews by Wu et al. (2013) about tick-borne infections distribution in China and Rizzoli et al. (2014) about infections associated with I. ricinus in urban and suburban areas.
Current state of ixodid ticks research in world countries and cities
As mentioned above, the history of ixodid ticks research is divided in two phases: before 1984 the studies and registrations of these ectoparasites are incidental, aft er 1984 there is a research targeting ixodids in urban environment. To ascertain the depth of the research, the regularities and possible reasons of interest in this problem, we used six time periods in our analysis : 1907-1969, 1970-1979, 1980-1989, 1990-1999, 2000-2009, and 2010-2015. Research of ixodid ticks in cities is inextricably linked with the countries where the studies were conducted. According to our data, there are publications on 68 countries and 793 cities (table 4). Th ere are countries where ixodids have been studied for fi ve time periods or longer: Germany, Russia, USA, and France. A minority of countries is characterized by the number of publications nearing 25, thus urban ixodid populations are most studied in: Brazil (58), Germany (62), Chine (24), Poland (74), Russia (163), USA (63), Ukraine (54) and Czech Republic (42).
Areas of research on ixodid ticks in cities
To fi nd out vectors of interest of research on ixodids in cities, we analyzed the number of publications in each of the time periods (see above), number and severity of most important tick-borne diseases, publications about ticks parasitizing in cities. Analysis of the number of publications on ixodid ticks revealed that interest in the study of this group of bloodsuckers in the urban environment is growing (fi g. 1). Another peculiarity is that this scientifi c interest in all of the countries is concentrated in time on determining ixodid reactions characterizing the transition to living in urban environments.
Comparative analysis of a diagram of the number of publications on the ten-year periods and the indexes of references of major tick-borne infections in urban areas (fi g. 2) indicates their possible connection which may be one of the reasons for the interest in the study of ticks in urban landscapes. First of all, the diagram shows that until 1980s, interest in ixodids is linked solely to the study of natural foci of tick-borne encephalitis. Secondly, it demonstrates the dynamics of improvement of the diagnostic systems, and thirdly, there is the fact that interest in diff erent groups of tick-borne infections is varying in certain decades, and it comes on suddenly, immediately aft er the appearance of more or less accurate diagnostic methods.
Th us, the interest in Lyme disease piqued in the last thirty years. Simultaneously, it is clear that the recent discovery of Borrelia miyamotoi will undoubtedly cause increase of scientifi c papers on the subject of Borrelia. 1907-1969 1970-1979 1980-1989 1990-1999 2000-2009 2010- 1907-1969 1970-1979 1980-1989 1990-1999 2000-2009 2010-2014 index of references decades of LD TE Babesiosis Ricketsiosis Anaplasmosis 
Identifi cation of possible areas of motivation of further research
To identify the direction of further research, we analyzed publications on the subject of hard ticks most frequently found in European urban environment (including Russia), as the region is most studied (fi g. 3).
It must be noted that the majority of publications are concerned with hard tick species of the group ricinus (I. ricinus and I. persulcatus) which is possibly better adapted to urban landscapes. Th e genus Dermacentor only recently began to be mentioned in this regard but is referenced more frequently for the last few years than the ticks of Ricinus species group and of the genus Rhipicephalus.
Observations show (Akimov, Nebogatkin, 2011) that in the context of global climate change, seasonal tick activity varies due to changing weather conditions, thus there is a need for correction and accurate planning of monitoring studies, especially in urban landscapes (Akimov, Nebogatkin, 2013 c) .
Conclusions
1. Information about the hard ticks in the cities up to 1980s is quite scattered and even sporadic; thereaft er it is associated with research on ixodids as vectors of pathogens of tickborne infections in urban landscapes.
2. Of the 707 species that constitute the world ixodid fauna, 106 or 15 % are mentioned in urban landscapes, and 26 species of those (3.7 %) are the most abundant. Among the latter, 23 species can attack humans, and 12 species are most adapted to the urban landscape: 3. Th e most likely causes of the growing number of publications on ixodids in urban landscapes are: accelerating global urbanization, the development of recreational areas, the development of green tourism, the growth of the prestige of outdoor recreation, the creation of new, especially the landscaped parks, and the tendency to preserve the native landscape in the cities, a signifi cant increase in population density of common species of ixodid ticks that adapted to life in the urban environment.
4. Further research in urban landscapes will be directed to exact planning of monitoring studies on ixodids and related tick-borne infections, the development of regional databases R. sanguineus D. reticulatus 1 9 0 7 -1 9 6 9 1 9 7 0 -1 9 7 9 1 9 8 0 -1 9 8 9 1 9 9 0 -1 9 9 9 2 0 0 0 -2 0 0 9 2 0 1 0 -2 0 1 4 Fig. 3 . Diagram of indexes of references of mass hard tick species that adapted to European urban landscapes (including Russia).
of these ectoparasites that would substantiate the introduction of short-term and longterm forecasts of tick numbers in separate sites in the urban environment. Also, among the vectors are likely to be the study of general and specifi c patterns of distribution and population density of these bloodsuckers in urban conditions, including evaluation of "thermal islands" eff ects of urban areas as compared to the natural landscape of the metropolitan areas. 5. Further laboratory studies are likely to be directed to etiological transcript from febrile patients with a history of a hard tick bite. Techniques related to biomarkers of infectious diseases apparently, be introduced in practice.
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